T he mammalian innate immune system provides the first line of defensive mechanisms to protect the host against invading pathogens. These defensive responses are initiated by recognition of microbial pathogen-associated molecular patterns (PAMPs), which are engaged by conserved germline-encoded pattern recognition receptors (PRRs). 1 Viral infection is always a considerable threat for public health. During viral infection, viral nucleic acids serve as the dominant PAMPs for the host innate immune system, which can be recognized by diverse PRR families, including Toll-like receptors (TLRs), RIG-I-like receptors and cytosolic DNA receptors. Viral nucleic acid sensing markedly triggers downstream type I interferon secretion, which thereby activates interferonstimulated genes to exert anti-viral effects. 2 Hepatitis C virus (HCV) is a dangerous human pathogen that infects over 170 million individuals worldwide. HCV infection easily develops into a persistent infection, leading to liver cirrhosis or even hepatocellular carcinoma. 3 HCV is an enveloped, positive-sense singlestranded RNA virus. The genome of HCV encodes structural proteins (core, E1 and E2) and nonstructural proteins (p7, nonstructural (NS) 2, NS3, NS4A, NS4B, NS5A and NS5B). During HCV infection, viral dsRNA replicative intermediates can be recognized by RIG-I and MDA5 to induce a type I IFN response, which is crucial for the host to counteract HCV infection. 4, 5 The tripartite motif (TRIM) family is a well-known superfamily with Ring-finger E3 ubiquitin ligase activity. The TRIM family includes greater than 70 members in humans. TRIM family members have been implicated as critical regulators of innate immune responses against microbial pathogens, including anti-viral responses. 6, 7 Virus recognition-triggered type I interferon could subsequently induce numerous TRIM proteins expression, which are crucial for restricting viral infection via either regulating innate signaling pathways or serving as viral restriction factors. 8 Trim22 is a typical TRIM family protein that restricts the replication of various viruses via distinct manners, for example, inhibiting HIV particle production, 9 suppressing the activity of hepatitis B virus core promoter 10 and targeting influenza A virus nucleoprotein for degradation. 11 In our previous work, Yang et al. 12 identified the anti-viral role of trim22 on the inhibition of HCV replication (Figure 1 ).
Trim22 is an IFN-inducible protein that is induced by IFN-α and IFN-γ in HepG2 cells, an epithelial-like human liver carcinoma cell line. 10 Yang et al. validated the inducible expression of trim22 by IFN-α in Huh-7 cells. The authors presented a direct induction of trim22 by HCV infection after 24 h in Huh-7 cells; however, the upregulation of trim22 was lower than that noted with IFN treatment. In addition, the study demonstrated that trim22 was significantly induced in PBMCs of HCVinfected patients following IFN-α treatment. In addition, trim22 expression peaked at 12 h post IFN-α treatment, suggesting a potential role of trim22 in IFN-α-mediated anti-HCV therapy.
Using a reconstructed Huh-7 cell line stably expressing the HCV Con1 replicon genome, the authors assessed the anti-HCV activity of trim22. Overexpression of trim22 markedly inhibited HCV NS5A protein levels and HCV replicon levels, and trim22 knockdown greatly enhanced HCV replication activity that occurred upon IFN treatment but not at steady state.
Assessment of the mechanism indicated that trim22 directly interacted with NS5A. NS5A is an HCV nonstructural protein that is critical for both HCV replication and assembly. 13 The crosstalk of host factors and viral factors is a consequence of co-evolution. Viral factors typically target host factors to avoid immune sensing or immune clearance. Conversely, many host factors can also bind to viral factors to restrict viral replication. NS5A targets Myd88 to attenuate TLR signaling and interacts with PKR to interfere with HCV RNA replication. 13 However, few host factors have been identified as targeting NS5A. Here Yang et al. identified interactions with trim22 and NS5A via SPRY domain and domain 1, respectively. The interaction rendered trim22 as an ubiquitin ligase of NS5A. Overexpression of trim22 specifically decreased NS5A protein levels rather than other HCV structural or nonstructural proteins. Moreover, endogenous NS5A could be ubiquitinated by trim22. IFN treatment induced ubiquitination of endogenous NS5A. However, the authors did not map the ubiquitination type and ubiquitination site of NS5A by E3 ligase trim22, which is crucial to understand the regulatory mechanism of trim22 on HCV infection. Overall, the study provides molecular insights to better understand IFN-α-mediated HCV infection therapy.
Some important questions that arise from this study should be further explored. What is the restriction activity of trim22 against HCV infection? The present trim22-mediated inhibition activity of HCV replication was determined by a Huh-7-Con1-rep cell system rather than direct HCV infection. Thus, whether trim22 indeed restricts HCV virus infection in vivo remains to be further validated. Another important question involves evaluating trim22 expression levels in healthy donors and HCV-infected patients to determine whether HCV infection induces trim22 upregulation in vivo. Following this study, another group confirmed the protective role of trim22 against HCV and uncovered the clinical significance of trim22 for IFN-α-mediated HCV therapy. Medrano et al. analyzed whether single nucleotide polymorphisms (SNPs) at TRIM22 and TRIM5 genes were associated with liver fibrosis and response to IFN-α plus ribavirin therapy in HIV/HCV co-infected patients. The TRIM22 rs1063303 GG genotype is a sensitive SNP for liver fibrosis in HIV/ HCV co-infected patients. 14 Notably, trim22 is crucial for the restriction of infection by diverse viruses, including HIV, influenza A virus, HBV, herpesvirus 15 and HCV (Figure 1 ). Among these viruses, HIV, HBV and HCV infections are associated with special TRIM22 SNPs in the clinic. 14 The reported viruses targeted by trim22 vary from RNA viruses to DNA viruses and single-strand viruses to double-strand viruses, displaying little specificity. More interestingly, trim22 restricts the infection of these viruses through largely distinct mechanisms. Hence, trim22 is a broad and multifunctional host anti-viral factor induced by interferons.
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